Recently, Hewish et al.I 2 reported a new type of radio source characterized by a sharp pulse of radiation which repeats with a very constant period. The four objects so far reported have periods ranging from 0.253 to 1.337 seconds with a reproducibility of one part in 107. The amplitude of the pulses is extremely irregular, however, showing a large variation both from pulse to pulse and averaged over longer time periods. Individual pulses are often composed of several component pulses, and the pulses from all four sources are linearly polarized.3-6 The individual components in a single pulse are polarized in different directions.
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Several investigators 7have proposed that the pulsations may be due to radial pulsations in a white dwarf star. It is difficult, however, to see how a pulsation of such temporal regularity could be associated with such extreme variation in amplitude. The most probable mechanism would be one in which the period was determined by the extreme regularity of orbital or axial rotation, while the radiated energy was provided by another mechanism. Two such mechanisms have been proposed: a rapidly rotating star with the signal emanating from a local surface disturbance,8 and a close binary pair composed of very dense stars aligned so that the nearest can act as a gravitational lens as it passes in front of the more distant. 9 The fact that a pulse may have several components with different polarizations and changing relative amplitudes complicates the first of these, because it appears that this theory requires a number of local disturbances to be located semipermanently in a small region of the star, whereas no disturbances appear in any other region over a period of several months.
The binary star theory results in a rate of change of period due to gravitational radiation larger than that allowed by exp)erimental ol)servatioIls and accepted physical theory.9 This rate of change can be reduced to an acceptable level by concentrating all the mass in one star and makiing the other body a small planet, since the gravitational energy decreases linearly while the gravitational energy loss rate decreases quadratically as the second body mass is lowered.'0 The star must be very dense in order to provide the short orbital radius needed. For a star of solar mass, the shortest observed period of 0.25 second will require a planetary orbital radius of 6 X 107 cm, and therefore a minimum stellar density of 5 X 1010 gm/cc. If the star has a magnetic field capable of forming a Van Allen type of radiation belt at the planetary distance, all the observed properties of the pulses can be explained by a mechanism similar to that proposed by Marshall and Libby" to explain the influence of Io on the decameter radiation from Jupiter. The magnetohydrodynamic turbulence set up by the passage of the planet through the radiation belt sets up Alfv6n waves which will form shocks as they travel along the magnetic field lines toward the magnetic poles of the star. When these shocks arrive in the upper atmosphere of the star, they can cause oscillations at the plasma frequency and at the electron cyclotron frequency. These oscillations will then give rise to the observed radio emission. For the observed frequencies of 50-1000 MHz, magnetic fields of 20-300 gauss will be required for electron cyclotron emission, and particle densities of 107 to 109/cc will be required for plasma frequency emission.
The shock waves will, of course, travel to both magnetic poles and may also be reflected from pole to pole along the magnetic field lines. This will give rise to the observed series of discrete components within a pulse. The magnetic path length from pole to pole through the planet will probably be about twice the length of the planetary orbital radius, or about 108 cm. For an Alfv6n velocity of 5 X 109 cm/sec this would provide a reflection time from pole to pole of about 20 msec, which is the same as the observed time between component pulses. Since the scale height of the atmosphere of a very dense star will be very small, the radiation will be emitted essentially simultaneously at all frequencies.
The pulse radiation must be coherent in order to explain the observed brightness temperature and apparent lack of self absorption of the pulses.4 Strong coherent radiation has been observed from plasmas when plasma oscillation or electron cyclotron oscillation has been excited.'2' 1' The plasma oscillations excited by the shock wave can be de-excited by stimulated emission which will occur in a direction such that the electric vector of the emitted wave is parallel to the direction of motion of the excited electrons.'4
The emission will thus occur in a plane tangent to the surface of the star at the point where the shock wave intersects it. The tangent plane will rotate around the star with the shock wave, and radiation will be sent to the earth only when the tangent plane intersects the earth.
If source CP 1919 is assumed to be at the distance of 60 pc indicated by the observed frequency dispersion, an energy output of 1028 ergs/sec is required to give the observed flux density, if the flux is isotropic.3 This source has been shown to have a pulse duration of 16 msec at a single frequency." 3 If this is assumed to be the time required for the tangent plane to cross a point in space, then the tangent plane will be a wedge with a thickness of about 4°. If the radiation is confined to this plane, the energy requirement will be 1026 ergs/sec.
According to Marshall and Libby," the flow of power which can be transferred per unit cross-sectional area of the planet is given by p= Vc2 B02 ergs/cm2 sec, 8irVa where V, is the velocity of the planet relative to the Van Allen belt, Va is the velocity of the Alfven waves, and Bo is the magnetic field strength. The planet must be very small, with a diameter of less than 1 km, in order to prevent its disruption by tidal forces. A magnetic field strength of about 105 gauss would therefore be required to provide the observed pulse power. It is quite likely that the shock wave is only providing a trigger for the pulse, with the energy being supplied from the surface of the star. In this case, the required field strength will be less. At some elevations in the stellar atmosphere, the electron cyclotron frequency may be the same as the plasma frequency. The plasma radiation may then stimulate electron cyclotron radiation, giving a much larger flux than is observed at other frequencies. Careful measurement of the flux as a function of frequency for a single pulse may reveal such emission lines and enable calculation of the magnetic field strength of the surface of the star. Some evidence of fine frequency structure has been observed for CP 0950.1, If the magnetic and rotational axis of the star are not the same, variations in the pulse strength and shape would be expected with a period equal to the rotational period of the star. Changes in the stellar magnetic field strength should also cause changes in the pulse characteristics.
Rapidly pulsating radio sources may be the final evolutionary state of a star with a planetary system. As the star evolves through the red giant stage, its inner planets will be enveloped by its thin outer atmosphere. The drag of this atmosphere will cause the orbits of the planets to decay. A planet in the outer edges of this atmosphere may have an orbital decay time comparable to the gravitational collapse time of the stellar atmosphere as the giant evolves into a dwarf star. The planet will slowly approach the star as the star collapses and will finally be very close to the now very dense star as the last of the stellar atmosphere falls away from the planet.
While this manuscript was in preparation, a mechanism similar to this one in its general outline, but different in detail, was proposed by Burbidge and Strittmatter."6 They propose a planet with a one-second orbital period in orbit around a neutron star. The neutron star is rotating rapidly with a period of about 20 msec and has a magnetic field which has an axis different from the rotational axis. The position of the planet in its orbit provides the period between pulses, and the component pulses occur due to fluctuations in the magnetic field at the planet. The observed radiation is produced at the planet by interaction between the planet and a coronal plasma which is rotating at the same angular velocity as the star. This results in a plasma which is moving at almost the speed of light. They suggest that the planet is formed from remnants of a supernova explosion which resulted in the formation of the neutron star. It is not easy to see, however, how such an explosion would impart sufficient angular momentum to a fragment to enable it to enter a stable orbit.
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